Background: This systematic review aims to inform the development of a screening tool which pre-operatively predicts which children are likely to develop velopharyngeal insufficiency, one of the causes of poor speech outcomes, following cleft palate repair. This would be highly beneficial as it would inform pre-operative counselling of parents, allow targeted speech and language therapy, and enable meaningful comparison of outcomes between surgeons, techniques, and institutions. Currently, it is unclear which factors influence speech outcomes. A systematic review investigating the non-interventional factors which potentially influence speech outcomes following cleft palate repair is warranted. This may be illuminating in itself or provide foundations for future studies. Methods: A systematic review will be carried out according to Cochrane methodology and reported according to PRISMA guidelines (PLoS Med 6: e1000097, 2009). Systematic review software will be used to facilitate three-stage screening by two independent reviewers experienced in cleft lip and palate. Thereafter, data extraction and GRADE assessment will be performed in duplicate by five independent reviewers experienced in cleft lip and palate. Studies reporting the proportion of patients who were recommended or underwent secondary speech surgery for velopharyngeal insufficiency following primary surgery for cleft palate will be included. The study findings will be tabulated and summarised. The primary outcome measure will be further speech surgery (either recommended or performed). The secondary outcome measure will be perceptual speech assessment for the presence of velopharyngeal insufficiency. A meta-analysis is planned. However, if this is not possible, due to the anticipated marked heterogeneity of study characteristics, pre-operative assessment, and the recorded outcome measures, a narrative synthesis will be undertaken. Discussion: This systematic review may provide sufficient data to inform the development of a screening tool to predict the risk of velopharyngeal insufficiency prior to cleft palate repair. However, it is anticipated that these findings will provide the foundation for future studies in this area.
Background
Cleft palate is one of the commonest congenital craniofacial conditions, affecting 1 in 2000 live births [2] . The aims of cleft palate repair are the anatomical reconstruction of an intact palate and a functional velopharyngeal mechanism to allow for normal speech development and feeding. In addition to poor speech, other complications following cleft palate repair include fistula, bleeding, and iatrogenic impact on mid-facial growth [12] . Consequently, outcomes following cleft palate repair may be assessed in terms of palatal fistula (an abnormal communication between the oral and nasal layers of the palate), the incidence of velopharyngeal insufficiency (the inability to make a functional seal between the nose and mouth resulting in characteristic, hypernasal cleft type speech with air audibly leaking down the nose), cleft speech characteristics (which measures articulation) and facial growth analysis.
Reported rates of velopharyngeal insufficiency range from 0 to 66% [17] . Possible factors responsible for this disparity include the broad clinical phenotype of orofacial clefting, the range of classification systems used in assessing cleft severity, the inclusion of multiple surgeons, techniques, or institutions within the same studies, and the inherent limitations of retrospective data collection in many studies [8] .
It would be highly beneficial if it were possible to preoperatively determine which children were likely to develop velopharyngeal insufficiency (leading to poor speech outcomes) following their cleft palate repair. Firstly, this would facilitate pre-operative counselling of parents before a palate repair. The families are informed pre-operatively about the risk factors and likelihood of success or the potential need for secondary surgery or further intervention. Secondly, it would allow extra, targeted care to be given to these children in the form of speech and language therapy. Thirdly, it would enable meaningful, standardised comparison of cleft repair techniques, surgeons, and cleft centres undertaking palatal surgery to improve national and international standards.
It is likely that a diverse range of factors influence the success of a cleft palate repair with respect to speech and other outcomes. Male sex, greater cleft width, and shorter palate length have been shown to be independent predictors of velopharyngeal insufficiency [8, 11, 13] . Combined cleft lip and palate was associated with wider mean cleft palate width and a higher incidence of shorter palates than in isolated cleft palate [8] . Velopharyngeal insufficiency was more frequent in cases of combined cleft lip and palate than in cleft palate alone [8] . However, this was a single institution and single surgeon study and, other than gender and presence of lip involvement, was based on factors which could only be accurately established at the time of surgery (i.e. were based on the anatomy of the cleft palate). A systematic review has not been undertaken looking at the noninterventional factors or exposures which influence outcomes following cleft palate repair. Interventions include any surgery, any medications including antibiotics, nonsurgical devices such as naso-alveolar moulding or arm splints, speech, and language therapy input.
Aim
The question this systematic review is aiming to answer is what non-interventional factors influence poor velopharyngeal function for speech (as indicated by the proportion of patients being recommended or undergoing re-operation or speech surgery) following initial cleft palate repair?
Methods/design
A systematic review will be carried out according to Cochrane methodology and reported according to PRISMA guidelines [9] . This was registered on 19 December 2016 with PROSPERO CRD42017051624. Systematic review software (Distiller SR, Evidence Partners, Ottawa, ON) will be used to facilitate three-stage screening by two independent reviewers experienced in cleft lip and palate. Data extraction will be performed in duplicate by independent reviewers experienced in cleft lip and palate. Studies that report the proportion of patients who were recommended or underwent secondary speech surgery for velopharyngeal insufficiency following primary surgery for cleft palate will be included. The study findings will be tabulated and summarised. The primary outcome measure will be further speech surgery (either recommended or underwent). The secondary outcome measure will be perceptual speech assessment for the presence of velopharyngeal insufficiency. Any protocol deviations which occur during the review will be reported and the reasons behind it in the section "Differences between Protocol and Review" of the systematic review.
Eligibility criteria
The objectives for this systematic review are defined using a PECO framework (Table 1) [10] .
Participants/population
There will be no exclusion based on the year of publication, and databases will be searched from inception (Table 1) .
Exposure(s)
Any surgical intervention and schedule will be included in the review.
Of interest are the following: 
Comparator(s)/control
Exposures will be compared within each sub-category, i.e. gender, timing of surgery, cleft phenotype, presence of syndrome, or Robin sequence. In this systematic review, we are interested in non-interventional factors or exposures which influence speech outcomes following cleft palate repair. For example, if the exposure is one gender, then the comparator is the other gender; if the exposure is timing of surgery less than N months, the comparator is timing of surgery more than N months; if the exposure is the presence of a syndrome, comparator is no syndrome, etc.
Context
Reported rates of velopharyngeal insufficiency vary widely following initial cleft palate surgery. For example, published rates of VPI range from 0 to 66% (Smith and Losee 2014). Whilst certain factors have been implicated (e.g. male sex, bilateral cleft lip and palate, cleft width), the reason for this variation is unclear. The factors of interest have been included as there is some low quality or equivocal evidence that they may be associated with poor speech outcomes. For example, socio-economic deprivation has been suggested by some to be associated with poor speech outcomes [16] but not by others [4] . Consequently, the reason for including many of the factors of interest is that there is some evidence they impact speech outcomes following cleft palate repair, such as cleft type or age at surgery, or realistically could do so, such as Robin sequence or previous general anaesthesia) [15, 18] .
Outcome(s)
The principal interest of this review is the need for further surgery with the aim to improve speech following initial cleft palate repair. Whilst theoretically the incidence of velopharyngeal insufficiency might be considered the best primary outcome measure there is wide variability in type, use, and interpretation of perceptual speech assessment tools. Consequently, there is heterogeneity across the literature with respect to recorded speech parameters. It is therefore unlikely that it will be realistically possible to pool or compare these. Therefore, the rate of secondary speech surgery (including cleft palate re-repair, pharyngoplasty, pharyngeal wall augmentation, or palate lengthening procedures such as buccinator myomucosal flaps) will be used as an indicator for poor speech outcomes. This must be interpreted with a degree of caution as there will be some children with poor speech outcomes who do not proceed to further speech surgery. Additionally, the threshold for secondary speech surgery is likely to vary between centres, clinicians, families, and patients.
Primary outcomes
The primary outcome will be the proportion of patients who had or were recommended further surgery for velopharyngeal insufficiency (i.e. proportion of patients undergoing or who were recommended re-operation or speech surgery). This includes patients undergoing cleft palate re-repair (include palate muscle re-positioning, secondary intravelar veloplasty, and Furlow's doubleopposing z-plasty), pharyngoplasty (pharyngeal flaps, sphincter pharyngoplasty), pharyngeal wall augmentation (with cartilage, fat or silicone), or palate lengthening procedures such as buccinator myomucosal flaps.
Secondary outcomes
The secondary outcome measure is the proportion of patients with normal velopharyngeal function for speech following initial cleft palate repair. This includes measures such as resonance and nasal emission. It is anticipated that it may be challenging to pool such variables as the recorded speech parameters have wide heterogeneity in terms of recording the perceptual speech assessment. There will also be a variation between cleft teams and clinicians as to the definition of "normal" speech.
Effect measures will be recorded using perceptual assessment scales. The definition of improvement will depend on which perceptual assessment scale each study has used. VPI assessment is assessor-dependent, using tools such as the Great Ormond Street Speech Assessment Tool [14] . Objective tools to assess VPI such as nasometry are generally only used for research purposes. Any speech assessment will be included in the review to capture all relevant papers. However, studies will be excluded if the reported speech outcomes do not relate to velopharyngeal insufficiency. Studies reporting only psychosocial outcomes will be excluded.
To facilitate comparison between studies, we will record resonance outcomes for each study under five categories-normal, mild hypernasality, moderate hypernasality, severe hypernasality, or hyponasality. If it is not possible to determine the degree of hypernasality, it will be recorded as "hypernasality of unknown severity". Nasal airflow errors (emission and turbulence) will be recorded as normal, mild, moderate, or severe. If the authors have not stratified this then this will be recorded as 'presence of nasal emission', 'presence of nasal turbulence', 'no airflow errors', or 'not reported'.
Follow-up length
To be included in the review, studies must report the proportion of patients who were recommended or underwent secondary speech surgery for velopharyngeal insufficiency at five years of age or older. This length of time is necessary to allow time for the child's speech and language skills to develop as part of a typical trajectory in English speaking children [5] .
Information sources
A comprehensive electronic database search from inception until present date will be performed using the following: If any systematic reviews are retrieved from the Health Technology Assessment Database and Cochrane Database of Systematic Reviews searches, then the reference lists in these articles will be searched for any relevant articles. The systematic review article itself will not be included within this systematic review.
Search strategy
Literature search strategies will be developed using medical subject headings (MeSH) and text words related to cleft palate. The literature search will include articles written in all languages but will be limited to human subjects. To ensure literature saturation, we will scan the reference lists of included studies or relevant review articles identified through the initial search.
Publications of potential relevance to our study will be identified by using both exploded MeSH headings and text words. The search strategy has been peer-reviewed by two independent librarians, and the final search will be performed by one of these librarians (JM We will not include literature reviews, case reports, case series with less than 10 participants, review articles, commentaries, letters, editorials and dissertation abstracts, and conference proceedings. We consider these forms of publication to deliver insufficient information and to present a higher risk of reporting error, as compared with peer-reviewed articles. A preliminary review has been conducted which suggests that there is an extensive evidence base to draw from within the peer-reviewed literature. Therefore, it was felt unnecessary to extend this to encompass the grey literature.
Study records

Selection process and study design
Studies will be screened for inclusion using the above inclusion criteria ( Table 1 ). The following types of study will be included:
Studies reporting the proportion of patients who
were recommended or underwent re-operation or speech secondary surgery for VPI at 5 years of age or older. 2. Studies reporting the proportion of patients with normal velopharyngeal function for speech following initial cleft palate repair.
Randomised controlled trials (RCTs), cluster
RCTs, non-randomised controlled clinical trials, longitudinal studies with and without controls, cross-sectional investigations with and without controls, and retrospective studies with prospective data collection with and without controls, case series with 10 or more participants.
The following types of study will be excluded:
1. Literature reviews (previous reviews will be identified to establish their findings and therefore, provide a background to previous research). 2. Case reports, case series with less than 10 participants, review articles, commentaries, letters, editorials, and dissertation abstracts.
We will not prioritise one study type over another because the intervention is not what is of primary interest. Consequently, trials and observational studies are of equal importance. However, the outcomes might look different as those from trials will be looking specifically at changes in response to an intervention while those from observational studies would be looking over time at changes. We will report the outcomes from trials and observational studies separately in order to observe any patterns which might be based on the different study designs.
Screening
The search results will be uploaded to DistillerSR (Evidence Partners, Ottawa, ON) and de-duplicated. Thereafter, a three-stage screening process will be used. During the first stage, based upon titles, two independent reviewers will exclude articles that are evidently not pertinent to the review. In the second stage, two reviewers will read and review all abstracts yielded by the search against inclusion criteria. The co-investigators will retrieve the full text of all articles that appear to meet the inclusion criteria or in any case where there is uncertainty about eligibility. At the third stage, the full-text papers will be reviewed in duplicate. The reasons for excluding papers will be recorded. Discrepancies in study selection will be dealt with by discussion, with unresolved conflicts solved by third-party arbitration. Uncertainties regarding eligibility for inclusion will be clarified by contacting study authors when necessary. To avoid overlapping patient populations, data on authorship, recruitment years, data source, and geographic location will be compared at the data extraction stage. If a patient population is found to overlap, the article with the most comprehensive data will be included. Review authors will not be blinded to the journal titles or to the study authors or institutions. A pilot of the data extraction form will be performed.
Data collection process Data extraction and analysis
Five independent reviewers will perform data extraction in duplicate. EndNote X7 (Thompson Reuters, Philadelphia, PA) bibliographic software program will be used to manage citations. Screening and data extraction will be completed using DistillerSR (Evidence Partners, Ottawa, ON) online systematic review software.
The following variables will be recorded from each article: During data extraction, other variables of interest may be recognised. These will then be added to the dataset and the protocol amended accordingly. The methodology used for the recording of outcomes will also be noted and will include the following variables: speech assessment carried out by a speech and language therapist, use of a validated perceptual speech assessment tool, blinded perceptual speech assessment, speech assessment by more than one therapist.
Study characteristics
Percentages of patients achieving normal resonance and nasal emission postoperatively will be extracted as standalone variables in the first instance and will be then included with the improved resonance and nasal emission variables.
Risk of bias and quality assessment in individual studies
Both bias and quality will be assessed in duplicate. Studies with significant results are more likely to be published than studies without significant results (i.e. publication bias). The ROBINS-E tool will be used for assessing risk of bias in observational studies [1] . The methodologic quality of each study will be appraised using modified criteria based on the Cochrane Collaboration's tool for assessing risk of bias in therapeutic studies [7] . The following domains will be assessed: selection bias (randomisation of patients to a given treatment), detection bias (blinded assessment of outcomes), outcome assessment (recording of key outcomes-in this case, normalised resonance), and attrition bias (inclusion of all patients who received the treatment in question). Quality will be assessed using the Oxford Centre for Evidence-based Medicine 2011 level of evidence guidelines (OCEBM Levels of Evidence Working Group, 2011). GRADE assessment will be performed in duplicate to assess the certainty of the body of evidence [6] .
Data
Synthesis Systematic reviews performed in this area [3] have identified significant diversity of methodology and reporting of results. Consequently, it is anticipated that there will be substantial heterogeneity and that a formal meta-analysis will not be feasible. It is expected that a systematic narrative synthesis will be provided with the information presented in the text and tables to summarise and explain the characteristics and findings of the included studies. The narrative synthesis will explore the relationship and findings both within and between the included studies, in line with the guidance from the Centre for Reviews and Dissemination. For each study, the number of patients who achieved each of the outcomes of interest will be recorded. Individual percentages will be calculated using the number of patients in each study as denominator. We will contact the authors of the trials and studies to resolve any missing data.
Discussion
Currently, it is unclear which factors influence speech outcomes following cleft palate repair. It would be highly beneficial if it were possible to pre-operatively determine which children were likely to develop VPI (leading to poor speech outcomes) following cleft palate repair. This would inform pre-operative counselling of parents, allow targeted speech and language therapy, and enable meaningful comparison of outcomes between surgeons, techniques, and institutions. This systematic review aims to add to the evidence-base so that teams managing children with a cleft palate can continue to improve outcomes and patient care. This systematic review is unlikely to provide sufficient data to enable risk stratification of the speech outcomes of cleft palate repair based on non-operative factors. However, it is anticipated that this systematic review will provide further knowledge in this area and provide a solid foundation for future studies to inform the development of a pre-operative screening tool.
